Introduction
In the past few years, numerous surveys have been conducted to evaluate the vitamin D status of the fast growing population of the Earth. It has become clear that vitamin D deficiency is a common condition, which effects men and women in different ages and social statuses (Ginde et al, 2009 ). The reason of the high ratio of vitamin D deficieny is the limited number and availability of this vitamin (Holick, 2007) . One type of vitamin D is vitamin D 3 , which is formed in the human skin by sunlight. The access to this form of the vitamin is influenced by the age of the individual (and the quality of the skin), the season (the access to sunlight), and the geographical location (northern regions are prone to be deficient in sunlight) (Webb et Since mushrooms have a low energy level and high nutrient content, they are conscidered to be an important element of a healthy diet. Also, they are one of the few foddstuffs with natural vitamin D content (Mattila et al., 1994) . . These research works differ in many elements: whether the treatments are pre-or postharvest or whole or sliced samples are used; which mushroom species and UV wavelength is applied; how long the treatments are etc. Most references on such studies are about white button mushrooms or oyster mushrooms and post-harvest treatments. Only one publication is available on the effect of pre-harvest UV irradtation of biologically active mushroom cultures (Kristensen et al., 2012) .
Since UV radiation is a stress factor, besides enhancing the vitamin D levels, it could impact other materials, e.g. the antioxidants or polyphenoles in the fruitbody. The appearance of the mushroom could be affected as well, or UV radiation could also have a negative effect on the yields.
The evaluation of such vitamin D enhanced mushroom product can only be done in a complex approach, by taking the nutritional value, consumer demands and organoleptic features into consideration. Sensory analysis (analytical evaluation) performed by trained panelists provide analytical data on the sensory features of a product. Whether a new product is suitable for the market is determined by many factors: e.g. price, origin, presentation, packaging, added value (enhanced vitamin D content) etc. A product is usually judged by the consumer, as they are the ones to decide whether it is worth buying or not. Consumers and members of a naive panel choose a product (with a given combination of factors) based on preference. That is why it is important to include them in the evaluation process of a new product. With conjoint analysis we can identify the relative importance and utility function of the decision factors, and to find the ideal combination as a final step of product optimization.
Objectives
Only a few sources are available in the topic of pre-harvest UV treatments of cultivated mushrooms. There is only a limited amount of information about the changes UV treatments cause in the ergosterol and vitamin D content and in the organoleptic features of the mushrooms.
The main objective of my thesis was to determine the effect of pre-harvest UV treatments applied on biologically active, developing mushroom cultures; to find out what changes do different UV radiation methods cause in the ergosterol and vitamin D content of white and brown button mushrooms (Agaricus bisporus) and of oyster mushroom (Pleurotus ostreatus). Another goal was to study the effect of UV radiation on the yield and on the critical organoleptic parameters (e.g. color).
Naive and trained panelists evaluated the vitamin D enhanced mushroom products, which is the first step of product development. Triangle tests performed by naive panelists provide crucial data for product optimization based on consumer demand. Trained panelists prepared the sensory evaluation and conjoint analysis.
Since international studies have proved that UVA radiation is much less effective in enhancing the vitamin D level of mushrooms than UVB and UVC (Jasinghe & Perera, 2006) , only the latter two were used for the purposes of my experiments.
1. Determining the changes in yield, vitamin D and ergosterol content and in color was in the focus of the analysis of pre-harvest UV treated button mushrooms and oyster mushroom. product is usually judged by the consumer, as they are the ones to decide whether a product is worth buying or not. Consumers and members of a naive panel choose a product (with a given combination of factors) based on preference. We assume that if a combination is preferable for the consumers, it is more likely that they will choose and buy it again. That is why it is important to start product optimization by learning the opinion and needs of consumers. The relevance of such studies is that functional foods are getting a higher level of recognition these days. Conscious consumers prefer and continuously choose healthy foods with enhanced antioxidant and vitamin levels. 
Material and methods

The button and oyster mushrooms used in the study
The white and brown button muhrooms and oyster mushroom used for the purposes of the study were cultivated in the experimental growing chamber of the Department of Vegetable and Mushroom Growing (Faculty of Horticulture, Corvinus University of Budapest).
The fist white button mushroom experiments started in 2009, the second in 2011. The first brown button and oyster mushroom experiments were conducted in 2010, the secon ones in 2012.
The method of the UV treatments
Vilbert Lourmat-115M type UV lamps were used with the following parameters. UVB lamp:
312 nm, 2.1 W (0.1023 mW/cm 2 ); UVC lamp: 245 nm, 0.6 W (0.5995 mW/cm 2 ). The lamps were placed 30-32 cm from the surface of the mushroom blocks. Treatments started when the fruitbodies were pea-sized, and continued on 3 consecutive days until the mushrooms reached 4-6 cm in diameter. 
Measuring yields
UV radiation has a negative effect on the cells, which means that UV treatments of developing mushrooms could affect the mycelia and also the yield. That is why the yields were measured by digital scale in case of each treatment and mushroom species.
The data were than calculated to 100 kg compost. The average of the two experiments were taken into account. For statistical analysis Kruskal-Wallis test were used, by calculating the exact p-value on 95% significance level. If case of significant difference, Dunn's post-hoc test was applied as well.
Determination of dry matter content
5 g fresh sample was taken in case of each treatment (UVB, UVC; 15, 30, 45, 60, 75, 90 min), from each mushroom species in 5 repeats. The average of the two experimental years is shown.
Determination of vitamin D and ergosterol contents
Analysis was done in the laboratories of the Departments of Applied Chemistry (Faculty of Food Science, Corvinus University of Budapest).
Sample preparation procedure for mushroom samples was based on the EN 12821:2000 European Norm with some modifications. Briefly, 500 g fresh mushroom sample was lyophilized prior to pulverization. An amount of 0.5 g of the homogenized powder was weighed into glass flask and 50 ml ethanol along with 4 ml 1M sodium-ascorbate, 10 ml 50 % (m/v) potassium-hydroxide and 50 μl of 200 μg/g cholecalciferol (vitamin D 3 ) reference solution as a surrogate standard were added. Saponification was carried out at 80°C for 1 h.
The supernatant was transferred to a separation funnel and the sediment was washed with 15 ml ethanol, followed by 50 ml n-pentane and finally 2100 ml water. The pooled two-phase solution was extracted manually and after separating and collecting the solvent phase the aqueous phase was extracted repeatedly with 220 ml n-pentane. The pooled solvent phase 
Colorimetry
The objective color of foodstuffs can be determined by the tristimulus method recommended by the Commission Internationale de L'Éclairage (CIE). Fort measuring the CIELab L*a*b* color coordinates a Chromameter CR-400 equipment was used.
The color of the fruitbodies was measured for three consecutive days, from the first treatment until after the third, in 24 repeats. This determined the color difference on a scale 
Determination of antioxidant capacity and polyphenol content
Sample preparation was followed by the methods detailed below.
ABTS-assay
ABTS-assay was measured as described by Huang et al (2005) . Reaction mixture contained 10μl of sample; 20μl of 3.50mg/ml myoglobin in 50 mM, pH 7.4, 9% NaCl and 1% glucose containing potassium-phosphate buffer;150μl of 1mg ABTS and 25μl 3% H 2 O 2 in 0.1 M pH5 citrate buffer. This mixture was shaked for 5 minutes at 37 o C, than alkaline stop solution was added, and measured at λ =405nm against trolox calibration curve.
CUPRAC-assay
CUPRAC assay was measured by the method of Apak and co-workers. 1ml 10 -2 M CuCl 2 , 1ml 7.5*10 -3 M neocuproine solution, 1 ml pH 7.4 1 M NH 4 Ac buffer, 100 μl sample and 1 ml distilled water was mixed, and incubated for 30 minutes in dark at room temperature.
After the absorbance reading at λ =450nm, values were calculated to trolox equivalents.
DPPH-assay
DPPH (2,2-diphenyl-1-picrylhydrazyl) elimination assay was performed as described by Brand-Williams et al. 100µl of sample was added to 3.9ml of 6*10 -5 M methanolic DPPH solution, than incubated for 20 minutes in dark. Absorbance readings were performed at λ=517nm, and inhibition % were calculated.
FRAP-assay
Ferric reduction antioxidant power (FRAP) was determined according to Benzie and Strain.
100µl of sample was added to pH3.6 300mM acetate buffer-10 mmol/liter TPTZ (2,4,6-tripyridyl-s-triazine) in 40 mM HCl-20 mmol/liter FeCl 3 * 6H 2 O, than after 5 minutes, absorbance was read at λ=593nm. Results were generated in ascorbic acid equivalence.
TPC method
Total Phenolic Compound (TPC) was recorded as described by Singleton and Rossi. 1250ul 
Organoleptic evaluation
Both descriptive and difference testing were used to evaluate UV treated mushrooms. Tests and evaluation were done based on the rules and regulations of international ISO patterns.
Sensory analysis performed by expert panel
Tests were completed at the same time every day (10 AM), which is the time period recommended by ISO regulations. The evaluation was done by 11 trained panelists of the Laboratory of Sensory Evaluation. They have excessive knowledge and experience on softver supported organileptic evaluation.
The evaluation took place in the laboratory of the Department of Postharvest Science and Sensory Evaluation to ensure reproductivity and stable environment. For sample identification and processing data, ProfiSens softver was used.
Triangle test performed by naive assessors
In case of difference testing we are looking for statistically proven differences or similarities between the samples. The aim of the triangle test was to see, whether naive assessors can find any differences between the untreated control and the samples treated for 90 minutes with UVB light, and in case of oyster mushroom, between the control and the 45 and the 90 minutes UVB treated samples. Evaluation of the results was done both on the basis of binomial distribution and sequential analysis. Students were members of the naive panel.
Triangle tests took place in the Laboratory of Sensory Evaluation.
Product optimization (focus group and conjoint analysis)
Focus groups aimed to prepare the list of characteristics used later in the conjoint analysis.
Members of the focus group were housewives between the age of 25 and 70. They identified the relative importance and utility function of the decision factors, which are important for the consumer during purchasing button or oyster mushrooms.
Conjoint value analysis was then conducted. For this we have prepared combinations of factors, which were then reduced to 32 combinations (or so called card) by the program SPSS 22.0. Each card was then given a random number between 100 and 999. The evaluation of the cards was done through Google document. In the end of the survey, participants were asked to fill in a socio-demographic questionnaire (frequency of mushroom consumption, type of purchased mushroom, net income, highest degree, place of residence etc.). These data were then used to characterize consumer segments. The survey was done by 306 people. The data were evaluated with the conjoint module of the SPSS 22.0. program.
Results and discussion
Yield
Based on the results, none of the UV treatments coused any significant (α=0,05) change in the yields of the button and oyster mushrooms.
Vitamin D content
60 minute long UVB treatment is proved to be most effective in case of white button mushrooms, as the resulting vitamin D level was seven times as high as that of the control samples. 100 g of untreated, fresh white button mushroom contains 115% of the recommended minimum 400 IU vitamin D and only 31% of the recommended daily intake (RDA = 1500 IU), whereas 60 min UVB treated mushrooms have a vitamin D level of 73.22 µg/100 g (fresh weight), which is 195% of the RDA (1500 IU), and is still well under the safe maximum value (10 000 IU). In case of UVC treatments the best result was caused by 45 minute long irradiation. 100 g fresh mushroom had enough vitamin D to provide 314% of the daily minimum and 84% of the RDA. Figure 1 . shows which UVB treatments proved to be efficient enough to provide the RDA value in case of white button mushroom. The results of vitamin D analysis presented in this thesis correspond with the data found in international sources.
Ergosterol content
The presence of ergosterol, as pre-vitamin D 2 is essential in mushrooms for vitamin D conversion. In case of white button mushroom 30, 45 and 60 minutes of UVB and 75 minutes of UVC treatments caused significantly higher ergosterol levels in the samples. In brown button mushrooms UVB irradiation did not cause any change, but the ergosterol level decreased after 30 and 45 minutes of UVC treatments. A drop in ergosterol content was observed in case of oyster mushroom samples as well due to 15, 30 and 45 minutes UVB and 75 and 90 minutes of UVC irradiation.
Colorimetry results
Both colorimetry data and sensory analysis proved a color change in case of 90 min UVB treated white button mushroom.
On brown button mushrooms UV treatments caused measurable and visible color change as well. It is important to emphasize that color change was determined by the comparison of treated and untreated fruitbodies, which cannot be done by a consumer while purchasing a mushroom product. differences. Moreover the color of the fruitbody of oyster mushroom is not constant and could vary from light brown to grey or even chocolate brown.
Antioxidant capacity and polyphenol content
Although the antioxidant capacity and polyphenol levels were affected by the different wavelength and durations of UV treatments, we were not able to find any tendencies. In case of two characteristics (color and consistence) were there significant differences in oyster mushroom samples. Control samples were the lightest, while every treated sample proved to be darker.
Triangle test results
The triangle test results of white button mushrooms showed that naive assessors can find differences between the untreated control and the samples treated for 90 minutes with UVB light, and in case of oyster mushroom, between the control and the 45 and the 90 minutes UVB treated samples. The results proved that evaluation on the basis of binomial distribution is more susceptible to differences than the sequential analysis.
Product optimization (focus group and conjoint analysis) results
With conjoint analysis I was able to identify the relative importance and utility function of the decision factors, and to find the ideal combination. By using cluster analysis I characterized the consumer segments and based on their demand I prepared their optimized product. and 90 minute long UVB and UVC treatments of white and brown button mushrooms and oyster mushroom do not cause significant (α=0,05) change is the yields. 
